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METHOD FOR OPERATING AND VALVE 
DRIVE FOR A MULTICYLINDER INTERNAL 

COMBUSTION ENGINE 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This application claims the priority of German application 
198 37 098.9, ?led Aug. 17, 1998, the disclosure of Which 
is expressly incorporated by reference herein. 

The invention relates to a method for operating and a 
valve drive for a multicylinder internal combustion engine 
of the type having ?rst and second groups of cylinders Which 
are selectively operable. 
A method according to the species for operating a mul 

ticylinder internal combustion engine is knoWn from Ger 
man Patent Document No. DE 196 0 4 737 A1. This internal 
combustion engine has tWo groups of cylinders, one of 
Which is constantly operated and the second is operated by 
cutting it in and out. To operate this engine, the second 
cylinder group is cut out in a loWer full load range and the 
?rst cylinder group is operated betWeen Zero and full load. 
In an upper total range, the second cylinder group is cut in 
and operated betWeen Zero and full load. The ?rst cylinder 
group is constantly operated at full load in this upper load 
range. A method of this kind for operating a multicylinder 
internal combustion engine has the disadvantage that com 
pletely separate intake systems and intake system controls 
are required for the tWo groups of cylinders. Therefore, tWo 
separate control and regulating units and tWo mass air?oW 
meters and air?oW sensors connected With them are required 
as Well. 

A valve drive of an internal combustion engine is also 
knoWn from German Patent Document No. DE 196 06 054 
A1 that is operated With a device for changing the valve 
phases and With sWitchable lift transfer elements. As a result 
of the sWitchable lift transfer elements, the valve lift of the 
associated charge-changing valves can be operated With a 
long or short lift regardless of the valve opening phase that 
has been set. With a valve drive of this kind, the engine can 
be operated as a function of rpm (engine speed revolutions 
per minute) and load in various operating modes With 
optimum fuel consumption and emission values in each 
case. 

On the other hand, a goal of the invention is to improve 
the method according to the species for operating a multi 
cylinder internal combustion engine and the valve drive of 
a multicylinder engine so that an additional reduction of fuel 
consumption, especially at idle and under loW loads, can be 
achieved at loW structural and control-engineering cost. 

This goal is achieved according to preferred embodiments 
of the invention by providing that at least one of the 
selectively operable groups of cylinders has a valve lift 
control operable as a function of load and/or rpm. In 
arrangements of the engine Where the ?rst cylinder group in 
an engine With a ?rst constantly operated group of cylinders 
and a second group of cylinders that can be cut in and out 
independently of the ?rst group are operated With different 
valve lift values, in both a load range With the second 
cylinder group cut out and in a load range With the second 
cylinder group cut in, in the loWer part of the each of these 
load ranges a considerable reduction of fuel consumption is 
achieved by operation With a shorter valve lift. Operation of 
this kind has the advantage that because on the shorter valve 
lift in the loWer load range in each case there is a signi?cant 
reduction of friction and a considerable dethrottling of the 
intake process. Especially in the idle range, With the second 
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2 
group of cylinders cut out, a higher degree of smooth 
running of the engine can simultaneously be guaranteed. A 
method of this kind can be employed at only relatively loW 
cost in the entire intake system since in particular it is not 
necessary to divide the intake system betWeen the tWo 
differently operated groups of cylinders. 

If the group of cylinders that can be cut in and out in a 
valve drive according to the species is designed so that the 
valve lift in each case is different and in the cut-out state of 
the cylinders the valve lift of the intake valves is Zero or 
minimal, by sWitching the valve lift of the other cylinder 
group betWeen a medium lift and a long lift, a considerable 
saving of fuel can be achieved as Well. Especially in the 
loWer full load range, by cutting out the second group of 
cylinders and operating the ?rst group of cylinders With a 
short valve lift, considerable improvements in friction are 
achieved. 

If the engine is operated With the cylinder group either cut 
out or constantly cut in, in the loWer range of the associated 
load ranges With a short valve lift in the constantly operated 
cylinder group, considerable fuel consumption advantages 
can be realiZed especially by reducing friction. By reducing 
the valve lift in the loWer load range in each case, an 
improved dethrottling is also possible on the intake side of 
the engine. 

If the engine, With the second cylinder group either cut out 
and/or constantly cut in, is operated With a long valve lift in 
the ?rst cylinder group, a greater degree of ?lling of the 
cylinders can be achieved in the upper levels of the associ 
ated load ranges in each case, so that signi?cant advantages 
regarding poWer and torque are achieved With the second 
cylinder group either cut in or cut out. 

Particularly in the respective partial load range of the 
constantly cut-in cylinder group, an improved ?lling of the 
cylinders can be achieved if each cylinder in this group of 
cylinders is operated With tWo intake valves that have 
different valve lifts. With these different valve lifts per 
cylinder, a deliberate sWirl can be produced. As a result of 
this deliberate sWirl of the incoming fuel-air mixture or of 
the air draWn in, especially in the partial load range, the 
?lling behavior and combustion process can be improved. 
A valve drive of this kind is especially compact if the lift 

transfer element is designed as a tappet With tWo concentric 
lift elements. A valve drive of this kind can replace a 
conventional valve drive With tappets at a relatively small 
additional cost. 

Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an engine constructed 
according to preferred embodiments of the invention; 

FIG. 2 is a schematic diagram of the valve drive for the 
engine of FIG. 1; and 

FIG. 3 is a graph of the valve drive in Which the different 
operating modes of the valve drive are plotted as a function 
of rpm and load as Well as the effective mean pressure. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the engine 7 shoWn schematically in FIG. 1, Without 
limitation to this embodiment, a 6-cylinder opposed-piston 
engine is involved, With cylinders 1 to 6. Cylinders 1 to 3 
form a ?rst cylinder bank or cylinder group 8 and cylinders 
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4 to 6 form a second cylinder bank or cylinder group 9. The 
charge-changing valves 10 shown in greater detail in FIG. 2 
are actuated by a camshaft 11,12. The charge-changing 
valves 10 are operated as a function of rpm and/or load, With 
different valve lifts. For this purpose, the respective lift 
transfer element 13 is moved into its corresponding sWitch 
position under the control of hydraulic valve 14 or 15. A 
central control device 16 thus controls the engine in general 
as Well as the hydraulic valves 14 and 15 in particular. 

The valve drive shoWn schematically in FIG. 2 shoWs an 
example of charge-changing valve 10 serving as an intake 
valve, actuated by a camshaft 11,12 through a lift transfer 
element 13 designed as a cup-shaped tappet. This valve 
drive represents the intake side of the cylinder in the 
embodiment described here. The structural design of the 
valve drive is essentially the same for both cylinder groups 
8 and 9 and differs only by the lift height that depends on the 
operating point, as described in greater detail beloW. The 
intake valves 10 of the ?rst cylinder 8 are operated by a 
camshaft 11 and the intake valves of the second cylinder 
group 9 are operated by a second camshaft 12. Each of the 
tappets 13 is mounted in a bore 17 of a cylinder head 18 and 
abuts a valve head 20 permanently mounted on charge 
changing valve 10 through a compression spring 19. Avalve 
spring 21 abuts the underside of valve head 20, said spring 
abutting the cylinder head opposite and moving the charge 
changing valve 10 into its closed position. 

The lift transfer element 13 designed as a cup-shaped 
tappet has tWo concentric cup elements 22, 23 that cooperate 
With different partial cams 24a, 24b to 26a, 26b of camshaft 
11 or 12. The tWo outer partial cams 24a, 24b and 26a, 26b 
are designed to be the same, in other Words they have the 
same lift height and phase position. These tWo partial cams 
cooperate With the outer 22 of the tWo cup elements. The 
middle partial cams 25a, 25b have a shorter lift height and 
cooperate With the inner cup element 23. The tWo cup 
elements 22 and 23 can be coupled or decoupled by coupling 
elements 27 that are mounted displaceably in a bore 28 that 
eXtends crossWise. For this purpose, coupling elements 27 
are pressuriZed through hydraulic valve 14 or 15. Such a lift 
transfer element is described for eXample in German Patent 
Document No. DE 195 46 437 A1. In the sWitch position of 
coupling element 27 shoWn in FIG. 2, the tWo cup elements 
22 and 23 are not coupled to one another so that the lifting 
movement of the middle partial cam 25a, 25b is transmitted 
by the inner cup element 23 to the charge-changing valve 10. 

In this uncoupled sWitch position, the outer cup element 
22 is moved by partial cams 24a, 24b and 26a, 26b inde 
pendently of inner cup element 23, Without its lifting move 
ment being transferred to the charge-changing valve. In the 
second sWitch position of coupling element 27, not shoWn, 
the tWo cup elements 22 and 23 are coupled together. In this 
sWitch position, the charge-changing valve 10 folloWs the 
lifting pattern of the tWo outer partial cams 24a, 24b, and 
26a, 26b and is actuated With a correspondingly greater 
valve lift. 

The partial cams 24a, 24b and 26a, 26b are designed for 
the tWo cylinder groups 8 and 9 so that they produce a 
greater valve lift. It is readily possible for the lift curves of 
the outer partial cams to be the same for both cylinder 
groups. The middle partial cams 25a, 25b are designed 
differently for the tWo cylinder groups 8 and 9. 

The middle partial cams 25a for the ?rst constantly 
operated cylinder group 8 are so designed that they have a 
shorter lift than the corresponding outer partial cams 24a 
and 26a. In addition, these central partial cams also have a 
different phase position adapted to the operating range in 
each case. 
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4 
In the case of the second cylinder group 9 that can be cut 

in and out, the partial cams 25b are designed so that their lift 
height that is transferred to charge-changing valve 10 is 
Zero, so that the charge-changing valve 10 or the intake 
valve is not opened in the corresponding sWitch position of 
the lift transfer element 13. HoWever it is also contemplated 
to design the lift height of the middle partial cam 25b for the 
second cylinder group 9 so that a very short valve lift is 
transferred to charge-changing valve 10. With such a design, 
a situation can be avoided in Which fuel collects on the side 
of the intake valve facing aWay from the combustion 
chamber, Which fuel Would enter the combustion chamber 
after the cylinder Was cut in again and lead to brief unregu 
lated combustion therein. 
An internal combustion engine of this kind, depending on 

the type of control, can be operated in four different oper 
ating states of the entire valve drive: 

Operating state A: Second cylinder group 9 cut out (valve 
lift Zero, effective partial cam 25b) and ?rst valve group 
8 With short valve lift (effective partial cam 25a); 

Operating state B: second cylinder group 9 cut out (valve 
lift Zero, effective partial cam 25b) and ?rst cylinder 
group 8 With long valve lift (effective partial cams 25a, 
26a; 

Operating state C: second cylinder group 9 cut in (long 
valve lift, effective partial cams 24b, 26b) and ?rst 
cylinder group 8 With short valve lift (effective partial 
cam 25a); and 

Operating state D: second cylinder group 9 cut in (long 
valve lift, effective partial cams 24b, 26b) and second 
cylinder group 9 With long valve lift (effective partial 
cams 24a, 26a). 

A type of operation of an engine that is especially favor 
able from the fuel consumption standpoint and is neverthe 
less ef?cient is obtained When the engine, as a function of 
rpm and load, is operated at one of the four operating points 
A to D on the basis of the characteristic map shoWn in FIG. 
3. It has been found that a great potential for reducing fuel 
consumption during operation of such an internal combus 
tion engine is obtained by optimiZing the partial load con 
sumption during operation of such an internal combustion 
engine by optimiZing the partial load consumption and 
consumption at idle by optimiZed combustion, reduction of 
charge-changing losses, and reduction of friction. Clear 
consumption advantages in the partial load range are 
achieved With reduced valve lift by reduction of the valve 
opening forces and hence reduced friction. Since up to 50% 
of mechanical losses are caused by drive losses in the valve 
drive at loW engine rpm, fuel consumption can be clearly 
reduced, especially in the partial load and idle range. 

During operation at idle and in the vicinity of idle 
operation, With loW rpm and load, the engine is operated 
With the second cylinder group cut out and limited lift values 
in the ?rst cylinder group (operating state A). In the middle 
area of the characteristic map Which in practice is used most 
frequently (partial load range), With slight to medium load 
requirements, the engine can be operated in particular to 
reduce consumption in the loWer portion of this range With 
tWo different partial load modes. At loW load and loW rpm, 
the engine is operated With the second cylinder group cut out 
and a short valve lift in the ?rst cylinder group. In a higher 
partial loW range, With higher load requirements and/or rpm 
values, the engine is operated With the second cylinder group 
cut in and a limited valve lift in the ?rst cylinder group 
(operating state C). In the full load range of the engine, both 
cylinder groups are operated With a long valve lift (operating 
state D). 
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An operating method of this kind is suitable for a number 
of engine designs that have at least tWo cylinders and Which 
all have at least one cylinder at a time constantly operating 
and a second that can be operated by being cut in or out. 

This operating method is also suitable for valve drives 
that cooperate With lift transfer elements that operate dif 
ferently than those presented here as examples. It is readily 
possible, instead of the sWitchable tappets, to use suitably 
designed cam-folloWer or rocker-arm valve drives. 

The foregoing disclosure has been set forth merely to 
illustrate the invention and is not intended to be limiting. 
Since modi?cations of the disclosed embodiments incorpo 
rating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything Within the scope of the appended 
claims and equivalents thereof. 
What is claimed is: 
1. Method of operating a multicylinder internal combus 

tion engine With a ?rst constantly operated cylinder group 
and a second cylinder group that can be cut in and out 
independently of the ?rst cylinder group, said method com 
prising: 

cutting out the second cylinder group in an engine loWer 
load range, 

cutting in the second cylinder group in an engine upper 
load range, 

cutting out the second cylinder group and operating the 
?rst cylinder group With a short valve lift during engine 
idle operation, 

cutting out the second cylinder group and operating the 
?rst cylinder group With a long valve lift during an 
engine loWer partial load range, and 

cutting out the second cylinder group and operating the 
?rst cylinder group With a short valve lift during an 
engine upper partial load range. 

2. Method of operating a multicylinder internal combus 
tion engine according to claim 1, comprising: 

cutting in the second cylinder group and operating the ?rst 
cylinder group With a long valve lift during an engine 
full load range. 

3. Control assembly for operating a multicylinder internal 
combustion engine With a ?rst constantly operated cylinder 
group and a second cylinder group that can be cut in and out 
independently of the ?rst cylinder group, said control assem 
bly comprising: 

means for cutting out the second cylinder group in an 
engine loWer load range, 

means for cutting in the second cylinder group in an 
engine upper load range, 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a short valve lift 
during engine idle operation, 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a long valve lift 
during an engine loWer partial load range, and 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a short valve lift 
during an engine upper partial load range. 

4. Control assembly according to claim 3, comprising: 
means for cutting in the second cylinder group and 

operating the ?rst cylinder group With a long valve lift 
during an engine full load range. 
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6 
5. Control assembly according to claim 3, Wherein means 

for operating the ?rst cylinder group With different valve lift 
includes lift transfer elements betWeen cams of an engine 
camshaft and respective intake valves, 

Wherein at least tWo intake valves are provided per 
cylinder, and 

Wherein each intake valve cooperates With a cam With at 
least tWo different lift curves. 

6. Control assembly according to claim 5, Wherein the 
cams have a ?rst lift curve for a long valve lift and a second 
lift curve for a short valve lift, and 

Wherein the lift curves for a short valve lift of the at least 
tWo cams associated With a cylinder are different. 

7. Control assembly according to claim 5, Wherein the lift 
transfer elements are designed at cup tappets With tWo 
concentric lifting elements. 

8. An internal combustion engine comprising: 
a ?rst piston and cylinder group Which in use is operating 

during all engine operation conditions, 
a second piston and cylinder group Which in use is 

selectively operating only during certain engine opera 
tion conditions, and 

a controlling assembly for controlling operation of the 
engine, including: 

means for cutting out the second cylinder group in an 
engine loWer load range, 

means for cutting in the second cylinder group in an 
engine upper load range, 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a short valve lift 
during engine idle operation, 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a long valve lift 
during an engine loWer partial load range, and 

means for cutting out the second cylinder group and 
operating the ?rst cylinder group With a short valve lift 
during an engine upper partial load range. 

9. An internal combustion engine according to claim 8, 
Wherein said valve lift control assembly includes selectivity 
operable cams With different valve lift characteristics. 

10. An internal combustion engine according to claim 8, 
comprising a valve lift control assembly for said second 
group Which is operable to change valve lift levels for intake 
valves associated With the second group during changes in 
engine operating conditions. 

11. An internal combustion engine according to claim 8, 
Wherein means for operating the ?rst cylinder group With 
different valve lift includes lift transfer elements betWeen 
cams of an engine camshaft and respective intake valves, 

Wherein at least tWo intake valves are provided per 
cylinder, and 

Wherein each intake valve cooperates With a cam With at 
least tWo different lift curves. 

12. An internal engine according to claim 11, Wherein the 
cams have a ?rst lift curve for a long valve lift and a second 
lift curve for a short valve lift, and 

Wherein the lift curves for a short valve lift of the at least 
tWo cams associated With a cylinder are different. 

13. An internal engine according to claim 11, Wherein the 
lift transfer elements are designed at cup tappets With tWo 
concentric lifting elements. 

* * * * * 


